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Basal Metabolic Rate of Mammals 


This well-studied allometric relationship Y=axX? 
is not linear, but is curvilinear 


When we graph metabolic rate 
(kilojoules per day) as a function of body 
mass (kilograms) using linear axes, the 
relationship is definitely curvilinear 


Three panels are required to graph the 
relationship over a mass range from à Koonu oe eee ney aoe? 
0.010 to 5000 kg f ce ee 


medium large 


All are curves! 


Basal Metabolic Rate of Mammals 


b = 1 indicates the expected relationship if 
metabolic rate was directly proportional to 
body mass (compared to the metabolic rate analy 
of a mouse); this over-estimates the 
metabolic rate of larger mammals. 

b = 0.67 is the expected relationship if 
metabolic rate were proportional to body 
surface area i.e. mass0.67 (again compared 
to the metabolic rate of a mouse); this 
under-estimates the metabolic rate of 
larger mammals. 


b = 0.73 is the best fit 


surface area 


Basal Metabolism (kJ day~') 
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Basal metabolic rate of mammals and birds 


Rhinoceros 
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Slope = 0.73 
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There seems to be a 
universal metabolic 
mass correction for 
particular groups of 
animals e.g. mammals 
BMR = M275 


However, there is no 
"universal" intercept 
for "metabolic mass" 
of animals in general. 
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Basel Metabolic Rate 


Table 7.5. Resting energy metabolic rates of higher vertebrates, recalculated to a uniform body temperature of 38°C (body mass, Mp, in kg, 
metabolic rate in watts) (from Dawson and Hulbert, 1970). 


Mammals Birds 


Monotreme Eutherian Nonpasserine Passerine 


30 35.5 38 39.5 4 
1.65 Mo" 3.35 MS 3.80 Me 6.26 Mp8 


Marsupial 


Body temperature (°C) 
Resting metabolic rate (W) 


Similar slope mass*75 mass®74 mass®™75 mass®72 mass®72 


Very different intercept 1.65 2.36 3.35 3.80 6.26 
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We might also want to correct for differences in body 


Q10 helps to correct for 
differences in rates due 
to temperature 


Q10 = (k2/k1)(20/(12-T1)) 
The biological range 
for Q10 is usually 2 to 3 


We can calculate k2 
from k1 and Q10 


temperature 


Table 7.5. Resting energy metabolic rates of higher vertebrates, recalculated to a uniform body temperature of 38°C (body mass, Mp, in kg, 
metabolic rate in watts) (from Dawson and Hulbert, 1970). 


Mammals Birds 


Monotreme Marsupial Eutherian Nonpasserine Passerine 


39.5 
3.80 MET 


40.5 
6.26 Me 


35.5 
2.36 MES 


Body temperature (°C) 
Resting metabolic rate (W) 
19 


Metabolic rate, recalculated 
to 38°C 


“ Assumed exponent = 0.75. 


k2 = k1 Q1O((T2-71)/10) 
Still different, but not so different as 


2.36 3.35 3.80 6.26 


k2 = k1 * Q10((T2-11)/10) 
2.99 = 1.65 * 2,1 ((38-30) /10) 


Metabolic rate vs body mass 


Endotherms, 39°C 


Slopes are similar, but not the 
same 


Offsets are very different and 
reflect inherent differences in 
metabolic parameters. 

Those parameters are affected by 
body shape, heat exchange, 
operating temperature, 
temperature regulation 


Unicellular : Ectotherms, 20°C 


organisms, 20°C ⁄ í 


Metabolic rate (J h’) 


Offsets are informative, so are 
residuals 


1 1 
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Mass-specific metabolic rate 


m White mouse 
| Kangaroo rat 
Kangaroo rat 


e White rat 


e Takes into account differences 


in body mass | Grounds 


squirrel Dog + ala 


It is common practice to $ 
*Pony (140 kg) 


express the metabolic rate per 
unit of body mass, i.e., 
metabolic rate/body mass 


Horse 


Oxygen consumption 


=e i | we 
100g 1kg 10kg 100kg 1,000 kg 
Now, mass-specific metabolic Body mass 

rate is higher for the smaller 

mammal compared to a larger 

mammal, i.e. a mouse uses 

about 25 times more energy 

per gram per hour than an 

elephant. 


Best Accounting for Body Mass 


The calculation of a mass-specific metabolic rate compensates somewhat for 
differences in body mass, but it does not entirely remove the effect of body mass. 


For mammals, the slope of the allometric relationship is consistently about 0.75 for 
BMR (Basal Metabolic Rate) 


MR = 302 kg®7° kJ day 


So, to best account for body mass, we need a mathematically more sophisticated 
approach than simply graphing metabolic rate against body mass or dividing metabolic 
rate by body mass; we use allometry. 
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Best Accounting for Body Mass 


Since metabolic rate is proportional to mass®°:”°, we can consider mass?” to reflect 
the scaling of "metabolic mass" for mammals. 


Metabolic rate expressed per "metabolic mass" is 
kJ day? kg?” = 302 


This value of 302 is independent of body mass, and so the metabolic rate for every 
species should equal 302 kJ kg?” day. 


To properly account for differences in body mass when comparing metabolic rate for 
animals that differ in body mass, we should calculate the metabolic rate per 
"metabolic mass" using the appropriate power relationship. 


Gulliver in the Land of Lilliput: A Classic Example of Scaling 


In 1726, Jonathon Swift published "Travels into 
Several Remote Nations of the World“. GULLIVI 


R'S 
One was the land of Lilliputians (very small I RAV E L $ 
people) 
How we explain the amount of food Gulliver 
should consume, compared to a Lilliputian, 
has become a classic physiological scaling 
exercise example. 
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How many Lilliputian loaves of bread for Gulliver? 


e "Having taken the height of my body by the help of a quadrant, and finding it to 
exceed theirs in the proportion of twelve to one, they concluded from the similarity 
of their bodies, that mine must contain 1728 of theirs, and consequently would 
require as much food as was necessary to support that number of Lilliputians”. 


i.e. Gulliver is 12 times taller than a Lilliputian and his body has the same shape 
(although this is biologically unrealistic) then his volume hence mass is 1728 times 
greater (12 x 12 x 12 = 1728). 


If he weighs 1728 times that of a Lilliputian, then he should eat 1728 times as 
much?! 


How many Lilliputian loaves of bread for Gulliver? 


| would suggest that Gulliver should be given 1728°”° times as much food as a 
Lilliputian - this assumes the 0.75 scaling for metabolism with mass 


i.e. 1728075 = 268 times as much food, not 1728 times as much. 
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Allometry is a description not an explanation 


Box 3.3 Problems with scaling and adaptive 


tmptpretations Megaloceros ~ 


Antlers are the expected 
length for an animal 
of this height 


P 
° 


N 
° 


Large male deer have extremely long, heavy and cumbersome 
antlers; these were up to 3.3 m across in the extinct Irish elk, and 


many explanations for this have been put forward. But antler size is Hypermarphosis 
‘strongly correlated with body size, and once it was realized that the H l] 

antlers ofthe larger species had the same relation to body weight as in the Irish Elk. 
those ofthe smaller species some authors maintained that no further 


search for an adaptive explanation for the huge ornaments on the A more likely 


heads of large deer was necessary. 

This cannot be true; the antlers represent a great cost in materials i i 
to their possessor (especially as they are renewed every year), and explanation is that 20 20 
can be a significant handicap in normal daily activities. Deer use - 
their antlers in male/male fighting, and it transpires that the size of selection favours Height of Shoulder 
the antlers is proportionately greater in species with polygynous 


mating systems, where stale compan is geste Hence large antlers in all E AEE EERE 
rea a t species, but only the Antler length = 0.0342 shoulder heightt-85 
jerrpreSsures, the forces sel Orantiersi na 
eeuna for larg bod ; larger ones can 
Hence when we see strong allometric trends we should still be 


a S afford to go to 
bigger extremes 
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an Irish elk: A form 


